April 23, 1957 F. WARLICK 2,789,472 
HYDRAULIC BREECH CONTROL SYSTEM | 
Filed June 28, 1954 А 20% . 18 Sheets-Sheet 1 


FIG.1. 


| 2 = ም 9 ine s= ws 
m | | in We Hf AV-N 
[Ё | А? N Qa 
| | ሃሪ ПЕ ' 
ji М | | 
1 
ኑ 


INVENTOR 
FRANK WARLICK 


| "c ода 
ATTORNEY. 


- 


April 23, 1957 . F. WARLICK 2,789,472 
| HYDRAULIC BREECH CONTROL SYSTEM 
Filed June 28, 1954 : 18 Sheets-Sheet 2 


136 


45 -38 


Ñ 


— 1 


\ 
N 
М 


= 
37 `63 


2 
/5 4524) 
š i iF 
107 


FIG.2. 


УУМ. 
Pets 


< 
N| 


N WY 
Ro Nems NEG! 


alt; 


NN 


2 с Ур 
(L ———-= 
M 


222277 22 


SS 


Ss 


Ni 


SSS 


a 
TA 


=Z 


Se 
Мә > 


NIS = 
5 [ б ES S 
Ке EHI NIS 


INVENTOR 


FRANK WARLICK 
NSS ር Gas 

ш: sisse ons 
кы Ен 

EON ЫЗ 


2% 
SES GOO 

CANE NS \ SA : 22 

ЕП 2 — ATTORNE 


GUUS 


CES 
H 
LED 


2 


April 23, 1957 


2,789,472 


F. WARLICK 
HYDRAULIC BREECH CONTROL SYSTEM 


18 Sheets-Sheet 3 


Filed June 28, 1954 


901 


201 2258 
z Ss 
УУУУ б 


2 
KCK ғи 2l 


/ 
99 | егі 5 un 


611 
|02 


ፈፍ 


84-22 


(432222247274 Р72222) S 2] Des 


КУЕ Li 1 i 


ео 
22/6 2 


7 TZ Toozl 1 
15 < = Огт | 


Ж, 


WA 
В 


АЎ 22220224 


ሚን 


EN — 


Буу 
m 


8 Ти 96 [0)፻ሯፎ 


gol #1 
) ROG 66 е 5 rmt SN 
1 x Kei ——s RRS T 92 
1 А M 
i ША ssssssss NINNSS Z Дея АТ 
1 A а ЕЙ D 2 22222222222222422222707225; ሺ 
! I” ie GO e 66 81 ረ 
K ቱ| "~pe 
roost 91—7€6 се 
r n 
E 
[coe = i £ ` D І 
1 
"vel A 
^ - 


INVENTOR. 
FRANK WARLICK 


GO 


BY 


መሪ 


ATTORNEYS 


. April 23, 1957 F. WARLICK 2,789,472 
HYDRAULIC BREECH CONTROL SYSTEM 
Filed June 28, 1954 18 Sheets-Sheet 4 


N 
<> 


zi : | 
5 SY 5 Т | 


22 
ሐ 
N 


/ 
=== S 
КЕ ነ + SES == 
E А, 3 à 
— Z ү, 
ያ 1 
2 m. V 
7 jj En | 
yy W s A ይ 


S 
è 
Nd СБА AM 
Ç 
i 4 < 
3 WN 
| D 
I f 
1 
eu 
CS 


2 
< 
[ I 


' | : 
А ` 
Е р? 
| 1 
i i 
| хе 
11111) 2 
КЛР 
4 


ШІ 1 


- INVENTOR. 
FRANK WARLICK 


| BY бёле... 
ATTORNEYS 


April 23, 1957 


F. WARLICK . . 2,189,472 
HYDRAULIC BREECH CONTROL SYSTEM 
Filed June 28, 1954 


18 Sheets-Sheet 5 


FIG.5. 


SN) 
S 


3 ረ X S 
m кес КОА Уу AN 
ДА Š 
SH 


ው 


С 


INVENTOR 


FRANK WARLICK 
BY LOS cz. 
ATTORNEYS 


2 2,789,472 


April 23, 1957 


ርጋ 
x 
o 
е 
Ы 
OG 
ጩ 
ርን 
ні 
= 
2 


April 23, 1957 F. WARLICK 2,789,472 
HYDRAULIC BREECH CONTROL SYSTEM 
Filed June 28, 1954 18 Sheets-Sheet 7 


ጋ 
vi 
i 


INVENTOR 
FRANK WARLICK 


m Q с =. 
O. 
| ATTORNEY. 


FIG.. 


April 23, 1957 F. WARLICK 2,789,472 
HYDRAULIC BREECH CONTROL SYSTEM 
Filed June 28, 1954 18 Sheets-Sheet 8 


FIG.8. 


Ñ 
// 


СӘС 


555 


Wapa Ne 
ГЕ 8፪ 


=F 


S: 


а 


ei INVENTOR 
FRANK WARLICK 


TA а. 


| | BY 
ATTORNEYÉ 


2,789,472 


April 23, 1957 


F. WARLICK 
HYDRAULIC BREECH CONTROL SYSTEM 


18 Sheets-Sheet 9 


Filed June 28, 1954 


Шоке 


INVENTOR. 
FRANK WARLICK 


/ 


BY | 


<: = 5 ү 
የሽ LA S: 
2222ቺ ከስር: S ER 
| ለኔ š E : - ታ 
21 
М9 5% 


КО 


(6 
Z 


Ж? 


- % 
6 


É = 
Ses 55: N = 


4222. 
in 
Z 


бй 
Y 


uL ወ ወመ 


АЯ 2» 


RW 


M 


ርጋ 
t. 


ATTORNEYS 


April 23, 1957 ` ጅ. WARLICK 2,789,472 
HYDRAULIC BREECH CONTROL SYSTEM iS 
Filed June 28, 1954 | - 38 Sheets-Sheet 10 


СЕ 


“Т T 


П III 


Г, 


Y መ 4 zu 


ነ) 


a 
À 


一 一 一 


S 


ox LAA 


2 
К. 


5 T 

: | (CO МШ. ES 2 

: 93) қ UIN 182 2 

1 RB SS Z 25% 4 А. 1 
AN 


S 
12 
М 


aux 
(2220 Fui 
#1. 


> > D 


. INVENTOR. 
FRANK WARLICK 


z: GAO 
e tuc 


. April 23, 1957 F. WARLICK : 2,789,472 


Filed June 28, 1954 


FIG.11. 


HYDRAULIC BREECH CONTROL SYSTEM 


18 Sheets-Sheet 11 


ን NT 
2 e 
2 = < RS 
SS D SS 
= S 
መ: НІ Ip V QN 
Jh sc 9 
[ከ iS ) 
м 
Wz 


1 


122 


ма 
ት SN 
<< 


N ITI ” 


== 


Ж INVENTOR 
. FRANK WARLICK 


BY | | Gea PL 
2⁄2 a 
ATTORNEYS 


April 23, 1957 F. WARLICK | 2,789,472 
HYDRAULIC BREECH CONTROL SYSTEM 
Filed June 28, 1954 | 18 Sheets-Sheet 12 


FIG.12. 


91 65 
SEE AN 126 


N NS Se VEN 102 
р222227772272 5 N NN N SN 


DYN SS ан с 
1 Шш, . ፡ IN 


NS s GS 8 SES 


122 
121 
= ЖЕ 


24 


| 


102 


УЛ] Dim _] 


ZE 


124 


- 
LH 
"PP 
S SEE 
ai Yd ч] 
N AN 
NUN 
A 


100 
108 


[ 22 ТАП ЕЛ 
2222 51 ከረ 
los 


Ф 

o 

55555 SS 
Жұ; 


555555) 
Ж 
2 


NV. 


SS 


ASSA 


S 


222222/222247) 
< 


6 
УА 


ЖЕ 


XN 


SN 


Z€ 


NN WNO: 
N SNS NSS 


ky 
P р 


ЖА 


Б 


2777722222222222 
ANG, 


ረ 


ZZ 


ЖА 
"E 
/ A= 
mas 


IV 


— Z 
СІ RE 人 ES 


HT} 

NJ 
i39 55 ES RE Е 
1327/ 128 141 85 84 144 | INVENTOR 


i29 137 M40 
FRANK WARLICK 


" ES oe 
| ide а 


April 23, 1957 
HYDRAULIC 
Filed June 28, 1954 


m ' 


——Á— 


| pats 1 Ns 
| без 
Й 2. = HE 


ae 


F. WARLICK 


2,789,472 


BREECH CONTROL SYSTEM 


18 Sheets-Sheet 13 


ж 
алал аланы % 


SENA 


Ej 3 
Мя 499 
53212: Я 
СЕ 
ኳሪ 22 
Қ; N | 
үсе 
NSN 
Nass 
TS 
N 49 
S SN 
S À 
SI L4 58136 
— йылына: SN 
d ay 
137 “140 
INVENTOR 
FRANK WARLICK 
T Gla 


በፈ 
TTORNEY. 


April 23, 1957 F. WARLICK 2,789,472 
i HYDRAULIC BREECH CONTROL SYSTEM 
Filed June 28, 1954 18 Sheets-Sheet 14 


FIG.14. 


ውክ й 
22. 
ZZ =a, 


Za ጋረ: 
| 5) 2 
መመመ 


ሪ 
A 
ሪመፖሪ 


ልል vvv 
жел 8952 
529 281 ዌ 


тл ы 


ANN 
2 


= 
zi 
< 
ረ 


ምም Teh THAME EME N: 


ማው ኤው ud 
PS 
ЖР; 


ТСМ 


SSSSSSSSSSSM 


22 


ሠሪ 


уға. 
Ae em 
727 
Та 
KS 


m 


th 


HZ 
ина 

2222 

М 


a Й 
ም እ. 
WA 
27 
ረ 


іш; 
a NA ረረ 


EL C4 


22272 


222 


84 
ዣ 


ТД 


KEN 


INVENTOR 
FRANK WARLICK 


BY | Рай. 
FLO me 


ATTORNEYS 


April 23, 1957 F. WARLICK 2,789,472 
HYDRAULIC BREECH CONTROL SYSTEM 
Filed June 28, 1954 ` Р 18 Sheets-Sheet 15 
91 657 


Е IG e 1 5 E 下 SEE 
mr N 
-一 -一 © Ба 54) [cg 


N i26 
124 


| MSS 11 NS. HS 
[ - " = 


4 Berry 
> SS 


N 


ፍትን 
LJ 


SS 


SS 


Z 


5555553 


SN 


24 


РЕ? 


N 


| ገጋ 


EIS ኤዱ Ы 


22 77 72222222472 


ረረ. 


ሆፍ ж 
IZ. 


So 


RI ዓነ B 
i በጠ кана 
ኤኤም хаты УЛЫ аласыз. — 


1327 128 / |41 85 84 144 
7129 157 4140 


ВҮ 


27 


ኤርት mn 5 
= Z, STL О 
SSS 
T L] ፖፖ መ፡፡፡ [7 


8063 ASS ss Is EN ፍ-38 


487 


4 49 


SUSAR SS SANS SSSSSS ASSES SSS SG 


x NS 
BESS 


SIN 


ms 
ልለ] 


INVENTOR 
FRANK. WARLICK 


L N 


“መይ S 


2,789,472 


| .F. WARLICK 
HYDRAULIC BREECH CONTROL SYSTEM 


April 23, 1957 


[1 о 
የን 


INVENTOR 
FRANK WARLIOK 


GIO... 


18 Sheets-Sheet 16 
16 


g2 ` 
fa 
js 
[5825 27 
ш ጄ Ne ы 
+ ға 
ss | A N о 
SSG ጃሪ = SOC ena | ж 
LESS “Ae 12% шалмен те Le 
NAN WN? 
WEES SSS rN NEN? 
SEN ү Ў = ici 
а Жу ከ N 
ነር ARS NES 
SU d Ф 
RS 3 Ë ?内 NS ° 
ST ISS T al X % N 
10 к\ч የመመ фи  ЯғТАҚКСЫ-Ы ZS. / ሖራ 1. || Тү ተጐግጥ A444 — N N тм ы 
EC "сакта A À УД 
. ከከ нз አረ EON ci 
E PS SS S= E Ni 
5 ስመ gum aS E 
o РА SJ “зт ነ 1 NH = 
ሠ А ұл ori: 
5 АХУН 55 5553 pA a À о 
E MA e LS 
E Ë 


2,789,472 


Г F. WARLICK 
HYDRAULIC BREECH CONTROL SYSTEM `` 


April 23, 1957 


18 Sheets-Sheet 17 


Filed June 28, 1954 


o x 
o የን ко 
+ Ë ті 2 
BER, zu 
5% 
2, 
$ 2 
5 < Ww 
t a. 
° u 
N 
o ፻22ቹ8 5 2 
A ው Жұ ; d Е dU 
~ AY He 2 YA ZA EN 
= a ЕН Ж d 
%2 ДАНИИ nz о 1⁄3 
" 249/1102 92 አዓት E እ -ና 
ርጋ 5-56 ASN sf } 
z | © 221222 ТЫ | | ^ >: А 
ГА 222044 аф Қай 22 =V 
ይወ Е << ሪህ | 222 ZZ ZA 
ЗК 2452 5% ЯШ 2? АИО > 
Шу SERE 22224; ሐ x 22 
в%уаи ታመመ 22% 21 
~ 
ZI ES 
Го 
ГИ 
25 
454 
; ИЗ 
à; ° 
TEENS - 


2 
D ASS ፦ 
4 ANS 


ATTORNEYS 


` April 23, 1957 ^ F. WARLICK 2,789,472 
4 | HYDRAULIC BREECH CONTROL SYSTEM 


Filed June 58, 1954 ў 18 Sheets-Sheet 18 
=| 
n a 


сы 149 63 | 


2 
54% 


s4; [| = 45 б 


с; 
xS 


| 
LES. = [ 
=== | 
asya ЫР бут = PL | 
[55 2105 70: I 
| п m SIC] ል. M | 
" | . & "llc 168 
У | 55162 == s 
NN = 
， | 151 一 N | | 
| BS 77^ | 
| N S | 
| NEINN ! М 
КК". c> _ ПЕ 
| AE d OL | 
| S RSS i = | 
| SES |! | 
| N IRS | if 
HS. | | 
| B МҸ | ሹ--170 
| d | | 
| dS H 
| 3 n 
| NN | 
| | | N | 
| у 
| N DN | | 
| у BS | 134 
| E SS | 
| SN V || 
УМ | pu | 
| ASA > ም 2- 
бәт A H = E 
| isp 人 [MU 155 
| 
| 
| 
| ኣ 
І N г 
+ М š 
~ R My Te u a ° Шы /173 
Pu we 25:1. sa. 
S NNY Mime a te i72 
~~ by = - Za 75 171 


.FRANK W^RLICK 


FIG.18. 37 ከ 83 : INVENTOR | 


BY | i y 2. 


ОКМЕҮ5 


United States Patent Office 


2,189,412 
Patented Apr. 23, 1957 


1 


2,189,472 
HYDRAULIC BREECH CONTROL SYSTEM 
Frank Warlick, Washington, D. C. 
Application June 28, 1954, Serial INo. 439,938 
4 Claims, (Cl. 89---4) 
(Granted under Title 35, U. S. Code (1952), sec. 266) 


The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay- 
ment of any royalties thereon or therefor. 

This invention pertains to a naval type turret gun and 
more specifically to a new and novel hydraulic control 
system for the breechblock thereof. It relates to the novel 
structure and arrangement of parts whereby the breech 
opening and closing action thereof is fully automatic in 
the operation of a system which permits more rapid 
handling and firing of large bore guns than that of guns 
of similar size heretofore in use. 

The mechanical and structural details of the breech- 
block and the breech housing assembly for which this 
control system is intended are well adapted for use with 
rapid fire gun and turret arrangements, of a type as 
shown, for example, in the copending application to 
Philias H. Girouard et al., Serial No. 153,262, filed March 
31, 1950. Additionally the instant breech control sys- 
tem is adapted for incorporation in a gun and slide hy- 
draulic control system for major caliber rapid fire gun 
control and operation as shown, for example, in the 
copending application to David Wertman, Serial No. 
502,536, filed April 19, 1955. The subject matter of this 
invention is partially shown and described in each of 
the aforementioned applications. However the specific 
details of the breech control system are not claimed in 
these copending applications. 

In prior art naval turrets mounting large bore guns 
the incorporation of a powder bag type powder charge 
for the propulsion of the projectile from the gun has 
placed certain limitations on the structure and arrange- 
ment of the breechblock and the breechblock control 
mechanisms therefor. The use of this type of powder 
charge has in prior breech design, necessitated only the 
movement of the breechblock from a closed position for 
firing to an open position for breech reception of the 
projectile and powder bag. Following the ammunition 
insertion into the gun barrel! and suitable ramming there- 
for, the breechblock is moved back to the closed posi- 
tion for manuallocking. With the incorporation of semi- 
fixed ammunition for large bore applications wherein the 
powder charge is encased for use, it is desirable to pro- 
vide a breechblock movement cycle having at least one 
station in addition to the open and closed stations of 
manually operated breech arrangements. This position is 
one slightly below the normal open or ramming position 
which provides stroking for valve action to actuate the 
case extractors, the spades of which engage the flange 
portion of the empty case for removal over the breech- 
block to a position rearwardly of the gun for subsequent 
case ejection. 

With guns of smaller bore using fixed or semi-fixed 
ammunition the empty case extraction problem is less 
significant due to the size relationship thereof and further 
since the empty case can be manually extracted and dis- 
posed of manually, In a large bore rapid-fire applica- 
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tion the problem becomes critical due to the increased 
weight of the empty case. Тһе manual handling of such 
empty cases would tend to retard subsequent automatic 
ioading operations. Moreover, with rapid fire guns of 
large bore in which the handling apparatus is automatic 
or substa antially automatic the necessity that all loading 
cycle functions occur in predetermined and interrelated 
sequence is of much greater significance. 

This invention is directed to the controlling of the 
sequential functioning of the breech bolt mechanical 
apparatus for ammunition loading and discharge and in 
addition is concerned with the provision of a power actu- 
ation drive system for the block assemblies from a power 
source remote thereto as well as hydraulic control over 
the actuation control units. The system additionally in- 
corporates hydraulic fluid controlled auxiliary units for 
actuation of the control valve units. 

The breech hydraulic control apparatus also incorpo- 
rates novel arrangements which are advancements over 
the breech system of the copending application to George 
A. Chadwick et al, Serial No. 467,182, filed November 
28, 1942. 

The guns incorporated in the mounts of the turret with 
which the present breechblock control system invention is 
associated are well adapted for use with semi-fixed am- 
munition rather than the powder bag type of ammuni- 
tion previously used in guns of similar large bore. The 
incorporation of the semi-fixed ammunition as handled 
by the structural embodiment of this type of turret makes 
provision for the reception in the gun breech of two load 
increments, viz. a projectile, and a powder case, posi- 
tioned for ramming at the rear of the gun slide assembly 
and interiorly thereof in alignment with the gun bore. 
This position generally designated as the ramming posi- 
tion is advantageously arranged to permit cooperative and 
simultaneous ramming of the two increments over the 
breechblock into the forward position thereof in the gun 
breech. - The hydraulic system with which this inven- 
tion is concerned is a part of the control and actuation 
system for the mechanical movements of gun ramming 
but the system is concerned with providing the power 
actuation for movement to a breech aligned position for 
the load increments at gun ramming wherein the breech- 
block is adapted to permit passage thereover of a chain 
rammer of the system. In addition to this actuation the 
hydraulic power is so controlled as to maintain the posi- 
tioning during this and subsequent operations and to 
provide movement upwardly from the ramming position 
to a breech closed position for gun firing. Following 
gun firing the power system provides actuation and con- 
trol over the breechblock and opening action thereof, 
in dropping to a breech open or empty case extraction 
position. 14 is additionally adapted to provide interiock 
control action for a rammer hydraulic control system 
when used therewith. 

The power drive instrumentalities thereof are normally 
semi-automatic in their operation and when so operated 
are hydraulically actuated. Suitable interlocks are in- 
corporated in the systems associated therewith to provide 
the system with insurance that the proper sequence of 
operation is provided to prevent improper firing of the 
gun. With the incorporation of such interlocks and 
with the additional correlation of the breechblock con- 
trols with controls of the empty case extractor units the 
operation is substantially automatic and requires only 
the proper operation of the hydraulic system associated 
therewith to provide or suspend operation as may be 
desired. 

The breechblock control system is an assembly which 
receives its drive from an accumulator type pressure sys- 
tem in which the hydraulic fluid drive energy is provided 
by an electric motor-driven pump assembly. This hy- 


draulic power plant in the preferred embodiment of this 
system or any other suitable source for supplying the 
necessary hydraulic energy to the accumulator unit and 
subsequently to the control and actuation units of the 
breechblock drive cylinder is securely affixed to the plat- 
form which forms a part of the gun turret structure. 
This fluid supply from the hydraulic energy source is 
delivered through a manifold system and suitable swing 
joint units to the accumulator which is mounted on the 
gun slide and arranged to supply fluid to the breechblock 
control through a second manifolding system and a slid- 
ing joint arrangement provided on the gun housing as a 
telescoping connection between the gun slide and the 
housing which moves with the gun in recoil and counter- 
recoil This arrangement advantageously provides for 
the arrangement of all hydraulic drive units on the gun 
slide, and more particularly the breech control and actu- 
ation unit on the breechblock housing. This eliminates 
the necessity for complicated mechanical drive and link 
units between the gun slide and housing. 

The fully controlled handling of breechblock raising 
and lowering movements are controlled by structure at 
or near the point of the desired function. Тһе above 
mentioned necessity for mechanical drive links is thus 
eliminated and the necessary energy for operational move- 
ment is applied by the hydraulic fluid System from the 
accumulator to the hydraulically operated system com- 
ponents at or relatively close to the point of power appli- 
cation. 

It will be obvious that the breechblock operating mech- 
anism is located as a matter of convenience on the hous- 
ing rather than on the slide assembly proper. Suitable 
coupling means between the housing and the hydraulic 
fluid supply of the accumulator is provided by the herein- 
before recited sliding joint arrangement comprising tele- 
scoping tubes and packing boxes theresurrounding in 
fluid communication between the aforementioned supply 
and the control valves for the breechblock cylinder. This 
permits the structural elements thereof to be adapted for 
movement in recoil and counterrecoil with continuous 
application of fluid pressure thereto during such move- 
ment. Тһе fluid flow function which is accomplished by 
the sliding joint provides constant energy as needed at 
the hydraulic cylinder and at the same time permits lon- 
gitudinal movement of the gun and housing without in- 
terruption or interference of this control fluid flow or 
the building up of excessive back pressure with the return 
to battery condition following recoil and counterrecoil 
action. As set forth in the hereinbefore recited appli- 
cation to David Wertman the supply of the fluid medium 
to the manifold is automatically re-established after par- 
tial discharge of the accumulator whereby the power 
plant supplies a variable amount of energy which in- 
creases with the simultaneous operation of certain hydrau- 
lic units thereof of the system in the gun operation cycle. 
This advantageous arrangement of the accumulator in the 
system whereby the motor operates continuously to drive 
the pump so that at idling condition a small flow is pro- 
duced through the accumulator with availability of greater 
supply as demand is placed upon the accumulator through 
operation of a plurality of the hydraulic units of the sys- 
tem is such as to prevent fluid starvation at any control 
point including those control functions with which this 
invention is associated and which are structurally mounted 
on the gun housing. 

This hydraulic unit which operates the breechblock in- 
cludes a cylinder assembly having a piston therein with 
its piston rod connected to the breechblock. The assem- 
bly is supported by the gun housing in a manner whereby 
the piston is attached to the breechblock structure of the 
gun mechanical system and the piston attached thereto is 
received in the cylinder and adapted for longitudinal 
movement therein. The control system therefor includes 


a directional control unit interposed between the cylin- 
der and the hydraulic energy source to provide bi-direc- 
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tional operation of the piston within the cylinder during 
closing and opening cycles of breechblock operation by 
providing fluid flow to longitudinally opposed reaction 
surfaces of the piston. This bi-directional operation of 
the piston within the cylinder during closing and opening 
cycles of block movement is controlled by a unit which 
includes a valve assembly thereof adapted for shiftable 
movement to alter the path of flow to an upper or lower 
operating surface of the piston within the cylinder. 'This 
system conventionally includes a valve assembly which is 
shiftable by the mechanical linkage assemblies thereof. 
The manual operating units of these assemblies are more 
fully described in the hereinbefore recited application of 
Girouard et al., wherein the breechblock bolt is actuated 
upon breech movement to lock and is additionally còn- 
trolled in unlocking action by lever means which posi- 
tions the sliding valve assemblies. In addition to this 
pair of valves which serve to control the direction of flow 
of the hydraulic fluid in a cylinder the system includes a 
valve, actuatable by the breechblock in opening action to 
cause one of the pair of valves to terminate the flow of 
hydraulic fluid from the source to the first mentioned 
valve to the cylinder. : 

The breechblock is arranged to move to a position 
somewhat beyond its loading position below the gun bore 
to operate the control device for the empty case extractor. 
Thereafter, the extractor ejects the empty powder case 
rearwardly from the gun barrel into the mechanical trans- 


` fer assembly of the empty case ejecting system. In a 
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preferred embodiment of this system a hydraulically actu- 
ated control device is provided for operation of the empty 
case extractor. This device is one which provides fluid 
flow to the piston assembly of the extractor for movement 
of the case engaging spade elements thereof. Movement 
of this piston by manual means as provided by the gun 
mechanical system necessitates resetting of this automatic 
control valve of the extractor system. This resetting is 
provided by a manual lever arrangement which merely 
resets the valve to permit actuation of the extractor cylin- 
ders and the spades thereof by subsequent breechblock 
dropping action. 

The invention is capable of use in either large or small 
bore gun systems but is additionally well adapted for use 
with large bore guns such, for example, as an 8" rapid 
fire turret unit. A gun having a rapid rate mechanical 
handling system, including hoisting and cradle transfer 
assemblies of the type adapted to load the transfer trays 
of the gun slide at any-angle of elevation when com- 
bined with the improved hydraulic-control actuation SyS- 
tem of the present invention has been found to satisfac- 
torily provide breechblock operation at high firing rates 
for the projectile and at a more rapid rate than that here- 
tofore obtainable in large bore guns. 

In light of the foregoing, it is a feature of the present 
invention to provide power actuation for breechblock 
movement in positioning it for gun loading and for empty 
case disposal from the above described major caliber guns 
in which the breechblock closing is arranged to follow 
substantially at the. instant of completion of load incre- 
ment ramming and which is rendered active again imme- 
diately following firing to provide breechblock dropping 
for empty case extraction. 

One object of the present invention is the provision of 
a fully automatic hydraulic control and power actuation 
System for a breechblock assembly which is operable in 
a gun loading and firing system and in which many of 
the foregoing disadvantages are obviated and which is 
adapted to perform satisfactorily all the essential func- 
tions of the systems heretofore or now in general use and 
in which the possibility of apparatus malfunction or 
failure is reduced to a minimum and additionally where- 
in personnel malfunction is reduced to zero. 

. An additional object of this invention lies in the pro- 
vision of a rapid fire rate actuating system and mechanism 
therefor for a breechblock of a gun mount unit and which 
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Referring now to Fig. 9 for a more detailed showing, 
the breech operating cylinder 1 15 keyed 881 bolted in 
the breechway of the gun housing with the piston rod end 
5 thereof attached to the bottom of the breechblock by 
the flexible threaded connection 7. It is secured against 
loosening by the lock nut 8. | 

The piston which moves longitudinally in the cylinder 
is arranged to operate between open and closed positions 
of the breech, upon reception thereby of hydraulic power 
fluid through the valve and pipe connections hereinafter 
described in greater detail. The breech operating cylin- 
der assembly 10 consists of the cylinder 1, а cylinder 
head 9, two large coil springs 6 and 11, the piston head 
12, a buffer pin 13 and valves and restrictions for con- 
trolling and regulating the piston stroke. Тһе arrange- 
ment is such as to provide a normal opening or breech- 
block lowering stroke and an additional stroke move- 
ment to a maximum position a fractional part of an inch 
therebelow. The stroke movement is performed in two 
stages for the closing action of the breech with an initial 
movement of approximately 34” to the ramming position 
and a wedging stroke of, for example, 12". Тһе cylin- 
der construction is generally that of a cylindrical tube 
14 having fitted internally therein a liner 15 and externally 
shaped therewith with an integral upper cylinder head 
portion 9 and à mounting flange 17 therefor. Тһе upper 
head portion 9 is provided with a cylinder head insert 
or the like in the bore thereof to provide a reaction sur- 
face for the upper piston reaction surface of piston head 
12. Тһе lower cylinder head 18 for piston head 12 
is а separate element which is connected in a flange 
bolted relationship to the cylinder with a seal 19 there- 
between. The hollow piston is of integral rod construc- 
tion having the connection fittings hereinbefore described 
for connection with the breechbiock. The nut arrange- 
ment at the breechblock 2 is of a special type providing 
slight flexibility betweeu the coupled breechblock and 
the piston. Piston 5 is arranged in a sliding relationship 
whereby it moves through chevron-type packing 20 which 
is secured in the cylinder upper end by the packing nut 
21. Тһе lower end of the piston is cylindrical with the 
tapered piston head portion 12 thereof fitted. with a 
single O-ring 22 for internal threaded reception of the 
fitted flanged sleeve nut 23. This sleeve nut retains the 
hollow buffer pin 13 in a sliding relationship whereby 
it functions to compress the two large springs 6 and 11. 
The springs are compressed near the end of breech open- 
ing movement when the buffer pin registers with the hol- 
low seat 24 in the lower cylinder head. It functions to 


check breech opening and to provide for the storing of ‘ 


sufficient energy at the end of the stroke to raise the 
block to the ramming position therefor. 

The valve arrangements associated with the piston for 
application of pressure thereto at each cylinder head and 
for the additional purpose of by-passing and throttling 
displaced fluid at the opposite sides of the piston are 
provided through their relationship. with an external 
pipe line 25 which connects the lower cylinder-head port 
26 to the top chamber 27, Fig. 10, of the spool type 
spring-loaded differential valve 28 in the upper head 
thereof. Two ball check valves 29 and 30, Fig. 9, a 
piston-type check valve 31 and an adjustable restriction 
32 are additionally provided in the upper cylinder head 
and function in a manner as hereinafter stated in greater 


detail with reference to the description of the mode of " 


operation of the system. | 
The lower cylinder-head unit is provided with a dash 
pot hole 33 and an adjustable restriction 34 of a needle 


and screw type. Тһе sleeve-type adjustable check valve . 


associated therewith is shown at 35. І 

In addition to the breech operating cylinder, the sys- 
tem includes the five additional hydraulic units compris- 
ing the valve block 36, Figs. 4, 5 and 7, cylinder 37, 
Fig. 6, and the sliding type joint unit 4, Fig. 8, which is 


mounted between the. gun -housing айа slide for fluid- 
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communication between the accumulator connection 127 
which serves as a fluid source and the breech units. A 
second connection 38, Fig. 8, is also included therein for 
return flow to the tank of the system. 

The sliding joint 4 of Fig. 8, is a sub-assembly for 
use with this system which provides the hydraulic pres- 
sure and return-line pipe connections between the equip- 
ment on the slide and that of the housing. Тһе tele- 
Scopically arranged parts thereof are adapted for recoil- 
ing movement with the equipment on the housing. It 
consists of two telescoping tube asemblies 39 and 49 re- 
spectively attached to port connections 41 and 42 in the 
breech operating valve block, and the supporting brack- 
ets 43 and 49 therefor which are bolted to the slide in 
a manner according to that shown in Fig. 1. The de- 
sign thereof is such as to provide a telescoping pipe con- 
nection of adequate travel and of sufficient sealing effect 
to maintain a pressure type connection throughout maxi- 
mum gun recoil-counterrecoil movement. Each instal- 
lation is accurately fitted to give alignment parallel with 
the recoil line of travel of the housing assembly on the 
slide. 

The sliding joint comprises the fixed unit 44 and the 
movable housing unit 45 for tube sections 39 and 40 
thereof. The fixed unit consists of a cylinder head 46, 
a pair of cylinders 47 and 48 and two mounting brackets 
43 and 49 which are assembled into a unitary assem- 
blage. The pair of sliding tube elements 39 and 40 
are telescopically received within the cylinders of the 
fixed unit 44 and are maintained in fluid tight relation- 
ship therewith. А pair of gland nuts 50 which compress 
neoprene rings, not shown, at 51 seal the opposite ends 
of the two tubes to the breech operating valve block 
housing assembly. 

The movable housing unit 45 comprises the housing 44, 
a one piece nut 52, a pair of adapter-retainer elements 
54 and 54', a pair of seals 61 and 53 for each of the 
sliding tubes 39 and 40, and a shim-gasket combination 
55. ፲ከ6 gasketing arrangemenís further include two 
groups of chevron type packing rings 53 assembled in 
opposed arrangement in the cylinder head to provide fluid 
seal between the housing 44 for the fixed cylinders 47 
and 48 and the tubes 39 and 40. Тһе outer seals 61 are 


` separately retained by the cover glands assembly of nut 
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75 


52 and the adapter-retainers 54. Тһе double one piece 
Screw retained nut 52 is adjustably seated with respect to 
the housing 44 by a laminated shim-gasket at 55. This 
arrangement permits take-up adjustment of the chevron 
packing. 

The ball and spring type check and by-pass valve as- 
sembly 136 for port 56 comprises the ball 57 and spring 
58 and is installed in the closed end at 59 of the housing 
49 of Fig. 8 to prevent overloads in the pressure side of 
the assemblage during counterrecoil whereby fluid may 
escape therefrom. This valve is arranged to open and 
allow fluid to flow from the pressure tube into the return 
tube as the sliding tubes return into the housing. Тһе 
pipe union coupling. nuts 50 provide the attachment be- 
tween the two sliding tubes 39 and 40 and the breech op- 
erating valve as hereinbefore stated. 

The breech operating valve assembly 3 on the gun 
housing-is assembled in a manner shown in Fig. 1 and is 
located at the lower end of the breech assembly. It 


Serves as a housing for the three principal valves viz., 


valves 62, 63 and 64 of Figs. 4 and 5. It additionally 
houses the supplementary hydraulic elements associated 
therewith which control opening and closing of the 
breech and extracting action of the empty cartridge-case 
extractors. This unit is in fluid communication with the 
slide equipment of the circuit of Fig. 2 as hereinbefore 
indicated and with the breech operating cylinder and the 
two extractor cylinders 65 and 66. It is mechanically 
connected with the breech bolt and the hand mechanisms 


.for breech operation, in а manner as shown in greater 
detail in Figs. 17/18, and details not part of this inven- 
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is adapted through hydraulic interlock. control.to: provide 
automatic predetermined sequential. operation in. the gun- 


loading and handling cycle of the system of a gun for 
turret use. 

Another object of this invention is the attainment of 
new and improved automatic gun loading control through 
the cycles associated with breechblock action without 
manual intervention and in a time sequence relationship 
with the functions of ramming, firing, extracting and 
breech closing. 

An additional object of this invention lies in the pro- 
vision of 8 control and actuation system adapted for use 
with a mechanical handling system for semi-fixed am- 
munition. 

Another object of the invention lies in the accomplish- 
ment by improved means of breechblock positioning and 
maintenance of such position during ammunition ram- 
ming transfer action accompanied with subsequent ram- 
ming chain retraction and thereafter subject to position- 
ing to move the breechblock upwardly and permit me- 
chanical breechblock: locking action. 

Additionally it is an object of this invention to provide 
the breechblock holding functions as recited in the im- 
mediately prior object through any position of the gun 
in elevation. 

Additionally, it is an object of this invention to provide 
power actuation means for the mechanical actuation of 
power and flow control valves of the breechblock con- 
trol system to permit rapid movement thereof in con- 
trolling the breechblock movement and to provide posi- 
tion maintenance thereof for a predetermined period of 
time and until accomplishment of a correlated gun system 
cycle. 

Another object of the present invention is that of 
providing a hydraulically actuated automatic drive sys- 
tem for movement of the breechblock and to additionally 
provide valve controlled response actuation of associated 
hydraulic-mechanical apparatus of the gun turret follow- 
ing given steps of the cyclic actuation of the breechblock. 

In correlation with the immediately. preceding object 
regarding control of subsequently operated gun control 
and actuation apparatus, it is also an object of this in- 
vention to provide control of the succeeding breech opera- 
tion in response to completion of a gun operation cycle 
as performed by said other hydraulic-mechanical actua- 
tion units. 

Still another object of the invention lies. in the applica- 
tion of hydraulic power and hydraulic control apparatus 
to a new and novel breech order cycle in response to 
movement thereof and the automatic control of succeed- 
ing steps of the cycle. 

A. still further object of the present invention lies in 
the provision of hydraulically actuated automatic power 
aud control apparatus for gun turret breechblock opera- 
tion in the housing thereof of the character stated in 
which. suitable hydraulic interlock devices are provided 
in the fluid system thereof to insure the proper sequence 
of operation between the component parts of the me- 
chanical actuating elements іп a gun loading system of 
the type for which the invention is intended and in which 
the source of hydraulic energy for the apparatus is con- 
stantly available at sufficient pressure to accommodate 
peak loads occasioned by joint movement or excessive 
loading encountered in service.operation of the elements 
thereof and which is arranged. to prevent excessive over- 
loading in normal operation thereof. 

It is among other and stil! further objects of the present 
invention to provide novel hydraulic drive units for use 
in the automatic breech loading: cycle and to provide a 
novel manual or semi-automatic hydraulic unit for oper- 
ating and closing the breechblock. 

Additional objects and advantages of this. invention 
will be apparent from the following description .of a. pre- 


ferred embodiment, and. the same will; be readily: ap- 
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6 
preciated. as-they:become. better understood Бу reference 
to:the following: detailed description of the.said preferred: 
embodiment and the accompanying drawings wherein: 

Fig. 1 is a pictorial view showing the assembled re- 
Jationship of the breech operating mechanism and the 
empty case extractor mechanism associated therewith; 

Fig. 2 is. à diagrammatic illustration of the entire sys- 
tem in which the breechblock hydraulic system is adapted: 
for incorporation; 

Fig. 3 is a diagrammatic illustration of the hydraulic 
circuitry of the breechblock and control system therefor; 

Fig. 4 is a sectional pictorial view of the breech operat- 
ing valve showing a section through the breech opening 
and breech closing valve members; 

Бір. 5 is a pictorial fragmentary view of the breech 
operating valve block of Fig. 4 showing in section details 
of the extractor control valve; 

Fig. 6 is a pictorial sectional view of the breech closing 
valve operating cylinder; 

Fig. 7 is a perspective view of the breech operating 
valve block showing the general arrangement of the me- 
chanical actuating devices for the valve members thereof; 

Fig. 8. is a pictorial view of the sliding joint assembly 
for use therewith; 

Fig. 9 is a pictorial view in section showing the in- 
ternal details of the breech operating cylinder; 

Fig. 10 is a fragmentary view with parts thereof im 
section showing the upper breech operating valve block 
of the breech operating cylinder of Fig. 9. 

Fig. 11 is a perspective view in section of the extractor 
cylinder assembly. which is controlled by the breech oper- 
ating valve of Fig. 7; 

Fig. 12 is а diagrammatic illustration of the breech 
hydraulic power and control system of Fig. 2 showing 
normal automatic breech action at the start of breech 
opening movement; 

Fig. 13 is а diagrammatic illustration of the breech 
system and showing system conditions during breech 
opening movement for automatic breech control and 
indicating the valve porting actions to lower the breech- 
block and start empty case extraction; 

Fig. 14 is an operational diagrammatic illustration of 
the character of Figs. 12 and 13 during the next succeed- 
ing phase of the automatic breech operation cycle during 
empty case extraction with breechblock movement to 
ramming position for the gun slide; 

Fig. 15 is an additional operational diagrammatic 让 
lustration showing the breecliblock at ramming position 
and valve actions for porting hydraulic fluid to return 
the extractor cylinders of Fig. 11 to normal position; 

Fig. 16 is an operational diagrammatic illustration. of 
the breechblock hydraulic system in conjunction with a 
rammer hydraulic system adapted for use therewith and 
showing the condition of the system just prior to breech 
closing action; 

Fig. 17 is an operational diagrammatic illustration of 
the breech system under manual operation; and 

Fig. 18 is a phantom perspective view of the mechani- 
cal linkages for manual breech bolt unlatching. 

Referring now to Fig. 1 in which the assembled relation- 
ship of the breechblock and breechblock actuating sys- 
tem is shown from the left-hand side thereof, the unit 
comprises the breech operating cylinder 1 connected to 
the underside of the breechblock 2 for transverse move- 
ment thereof under hydraulic fluid action. The showing 
of Fig. 1 additionally illustrates the assembled relation- 
ship of the control valve housing 3 and the sliding joint. 
assembly 4 which provide hydraulic fluid flow and control 
for the breechblock operating cylinder 1. 

The breechblock operating cylinder of Figs. 9 and.10 
incorporates the breechblock actuating piston rod 5 hay- 
ing a spring 6 in the interior thereof, with attachment 
arrangements on the rod 5 whereby the. upper end of 
the.breech cylinder is attached to the. beechblock, 
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tion are shown ih the drawings of the copending applica- 
tion to Girouard et 81. supra. б ыы. 

Referring now to. Fig. 3.for à functional presentation 
of a first embodiment of the invention, there is shown the 
valve 62 which is а two-position mechanically actuated 
spool type unit adapted to be held by spring-detent 67 
in either of two positions thereof. by engagement of the 
detent іп the groove 68 or 89. Thé.arrangement is such 
that thé stem 70 passes through the. block and is provided 
with a threaded exténsion 71 thereon for connection with 
а valve actuating. guide block 72. This block is thus 
made adjustable with respect thereto and is adapted to be 
locked by the nut 73. Тһе mechanical linkage assembly 
for combined operation of this valve 62 and valve 63 by 
movement. of the -valve guide is shown diagrammatically 
in Fig. 2. Also it is shown in the engaged relationship 
in Fig. 7. lt includes the loop shaped piece 72 which 
is provided with surfaces at 74, 75 and 76, Fig. 3, for 
actuation. by the valve operating link 77 and two other 
Jevers 78 and 79 of Fig. 7. ai 

- The actuating lever 77 which engages at 74 is actuated 
by the breech bolt, while the other two levers comprise the 
rocker arm lever 78 which actuates the valve at the sur- 
face 76 and the closing valve operating lever 79 which 
engages lugs in the opposite sides of the loop as shown 
at 75 of Fig. 1 and às show. schematically in Figs. 2 
and 3. i ; : 

The ‘breech bolt lever is provided with operating clear- 
ance within the loop of the valve guide 72 for the lever 
47 which does not directly actüaté the valvé. This lever 
does, however, function indirectly to move valve 62 
through action of the rocker arm lever 78. Тһе arrange- 
ment of this lever is such as to operate to move the valve 
62 when valve 63 is mechanically actuated. It does not, 
however, move valve 62 when valve 63 is hydraulically 
operated іп the automatic: cycle of operation. 

The closing-valve operating lever 79 which engages the 
surface 75 actuates valve 62 in an inward direction, when 
it is pushed by plunger 80 of the valve operating cylinder 
at 37 of Fig. 6. The valve 62, when tripped inward or 
toward the gun muzzle, is in breech closing position. 
This position is such as to port pressure through pipe 82 
to the bottom chamber 26 of the breech operating cylin- 
der head 18. Iri the other position thereof, the’ valve 
vents the upper chamber 27 of the cylinder head at 16. 

Breech opening action is controlled by valve 63 where- 
by the action is in addition to the two 'supplementary 
control actions thereof as hereinafter related in greater 
detail. Valve 63 is a two-position, spool type unit of 
similar construction to that of valve 62 which substantially 
similar valve guide and detent arrangements at 83, 84 
and 85, respectively. · The forward énd thereof does not, 
however, pass through the valve block às is the case with 
the spool of valve 62. Moreover, it differs therefrom in 


the additional manner that the actüating guide arrange- ` 


ment 83 is actuated by lever 77-for mechanical position- 
ing in addition to the liydraulic control operation pro- 
vided therefor. 

A mechanical movémenít óf this valve occurs in correla- 
tion with breech. bolt unlocking action. : The action of 
operating lever 77 with breech bolt unlocking is trans- 
mitted through the loops 74 and 83 of the valve guides of 
both valves without actuation of valve 62 as the lever 
passes the movement to the guide 83 for valve 63. The 
forward end: of the lever engages the valve guide to thrust 
the valve spool inward to the.inner detent. position there- 
of at 84.  . A : | 

Hydraulic movement of valve 63 is accomplished by 
the end chamber arrangement shown in Fig. 4, by control 
features of the extractor cylinders associated there- 
with in the system, and the extractor control valve 64. 
The end chamber arrangement: includes two spring- 
loaded ball check valves 87 and 88, and preferably in- 
cludes an: adjustable restriction not included in the em- 
bodiment of Fig. 3, but shown as controlled by the needle- 
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type restriction device 89 of Fig. 4. Тһе end chamber 
arrangement additionally includes. the pipe connection 
for line 90 which runs to the rear or piston rod chambers 
91 of both extractor cylinders 65 and 66. The two 
check valves are located in opposed positional relation- 
ship in the lead passages. which connect this pipe with 
valve 64 and the end of valve 63. These details provide 
control actions, the purpose for which is that of position- 
ing valve 63 after the movement of the breech to. fully 
open condition in a manner whereby the breechblock 
is permitted to move upward approximately 24 in. from 
the lowermost or fully open position to the ammunition 
ramming position with the ammunition guide surface in 
alignment with the gun bore. 

As valve 63 moves under action of hydraulic fluid flow, 
valve 62 is in the outer detent position thereof which 
permits venting of the bottom chamber or port 26 of the 
breech operating cylinder. Ав a consequence thereof, 
valve 63 is hydraulically positioned without mechanical 
action of the rocker arm lever 78. Since the rocker arm 
lever 78 is not actuated, the valve 62 remains in the 
outer detent position thereof. . Valve 63 when at the 
inward or forward detent position ports pressure to the 
upper end chamber 93 of the breech operating cylinder 
through line 94. When positioned for engagement by 
the outer detent 85, it vents the chamber to the tanks. 
It is apparent that at the: hydraulic movement of valve 
63 both end chambers 93 and. 95 of the breech operating 
cylinder 1 are vented to the tank. 

The spring-loaded mechanically actuated spool-type 
valve 64 conirols breech-mechanism extracting action. 
This valve functions in conjunction. with valve 63 and 
the extractor cylinders 65 to control the slight upward 
movement of the breechblock: when the block moves to 
ramming: position. It is vertically positioned as shown 
in Fig. 5 with the upper end thereof located in the path 
of travel of the bottom of the breechblock. The valve 
construction is such as to include a longitudinal internal 
passage 96 thereof to connect the spring chamber 97 
with two vent holes at the upper end thereof at 98 and 
99 located functionally as indicated in Fig. 3. Тһе ad- 
justment screw device 100 located in the upper end of 
valve 64 provides for an actuation adjustment to vary 
the conditions effecting the stroking action of the valve. 
A critical position of the valve element 64 is the com- 
pletely up-position as provided by action of spring 101 
whereby the breechblock is positioned at ramming posi- 
tion. Тһе valve. 64 when. depressed, vents the spring 
chambers 102 of the. extractor cylinders 65 and 66 to 
the tank to initiate extractor spade movement. When 
the valve 64 is positioned at the upper position thereof 
it ports fluid under pressure to both end chambers 91 and 
102 of both extractor. cylinders 65, to maintain equilib- 
rium therein until subsequent relief porting of the spring 
chambers 102 with the subsequent operation cycle, to 
again provide extractor actuation. 

The internal passage 96 of the valve 64 functions at 
all times to vent the spring chamber 97 below valve 64 
through fluid communication with the upper vent hole 
98. The lower of the two vent holes is located at an inter- 
mediate port 103 whereby the end chamber of valve 63 
is vented when valve 64 is at the up-position. Venting 
action of this valve occurs through the ball-check valve 
87 of the valve 63. This ventis closed when the breech- 
block is down and valve 64 is depressed. This arrange- 
ment permits pressure to be ported from the extractor cyl- 
inders 65 at the.end of the extracting action in addition 
to permitting it to be throttled through the restriction 
of adjustment 89, Figs. 12 to 17, and the other ball- 
check valve associated with valve 63 and located at 88 
to the end chamber 81 of valve 63. Тһе function of 
valves 64 and 63 in controlling fluid flow provides hy- 
draulic power actuation of the breech operating cylinder 
1 for movement of the breechblock to ramming position, 
as well as release of: valve 64, and the porting of fluid 
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pressure to the forward chambers 102 of the extractor 
cylinders 65 for retracting action of the extractor spades. 

Тһе breech closing valve operating cylinder 37 of Fig. 6 
is a small cylinder block unit 104 and plunger assembly 
105, mounted on the slide to provide thrust actuation of 
the closing-valve operating lever 79 for movement of valve 
62 to the inward detent position thereof. It is pressure- 
operated by fluid flow from the connection 106 of the 
piping system and is provided with a spring 107 for 
plunger return positioning as shown in Fig. 2. Тһе cyl- 
inder does not recoil with the gun and the attached breech 
operating valve block by virtue of the mounting provision 
therefor on the gun slide. It is located as shown in Fig. 1 
in a manner whereby the plunger 105 thereof is in align- 
ment and has a small gap with respect thereto with the 
valve operating lever 79 when the gun has completely re- 
turned to the in-battery position. 

The pressure-porting pipe connection for this operating 
cylinder 37 is that of line 106 which is in fluid communi- 
cation with the control valve block or pressure regulator 
of the rammer drive unit as shown at 92 of Fig. 16 and 
described in greater detail in the copending Wertman ap- 
plication supra. The valve porting arrangement of this 
connection provides an interlock control function to delay 
tripping of valve 62 until after the ammunition has been 
rammed by the chain rammer and the chain head has 
regressed sufficiently to clear the top of the breechblock. 
The drain line for this cylinder 37 is shown at 119. 

The valve stem 108 of valve 28, functions in the ar- 
rangement of Fig. 10 to control piston movement in a 
manner as will be apparent from Fig. 2. It is initially 
positioned at the upper position thereof as a result of 
biasing action of the spring 109 by which it is maintained 
at all times except when the breech is closing. It is de- 
pressed for breech closing action by fluid pressure applied 
at the upper end chamber 27 of this valve 28. When in 
this depressed condition it permits free flow to the tank 
lines of all exhaust fluid displaced by the rising piston 
rod 5. This displaced flow is exhausted through the port 
110 which while closed when the valve stem 108 is up, 
has unrestricted passage to the tank line through the ad- 
justable restriction element 32 and thence around the in- 
termediate port 111 of valve 28 at a reduced stem por- 
tion of 108 to line 94. This passage controls the rate 
of spring raising movement of the piston and breech- 
block. This action is accomplished by throttling fluid 
flow from the upper side of the piston in a manner to 
decelerate and eàse the block to the ramming position 
thereof without appreciable oscillation. 

The piston-type check valve 31 in the upper cylinder 
head 9 opens to permit unrestricted high-pressure flow 
for breech opening action. At all other periods, it is 
spring-seated to securely close the port thereof. Fluid 
displaced during piston upward movement is thus com- 
pelled to flow past the ports 150 and 111 of valve 28 
and the adjustable needle element 112 of restriction 32 
through the same passage routes as for the hereinbefore 
described conditions. 

The dashpot hole 33 and the restriction element 113 
of adjustment 34 in the lower cylinder head 18 function 
to throttle the fluid displaced by descending piston action 
with the occurrence of breech opening. This action takes 

. place following closure by the buffer pin 13 of the main 
port 26 in the cylinder head 18. 

The sleeve-type check valve 35 in the lower cylinder 
head 18 acts in cooperation with the restriction needle 114 
of the adjustment 115 associated therewith as an arrange- 
ment for controlling the breech closing speed. They act 
to restrict high-pressure flow to the interior and bottom 
of the piston. : 

The extractor cylinders 65 and 66 which are mounted 
on the top of the gun housing as shown in Fig. 1 are not 
mechanical elements of the instant invention. These units 
are however, controlled by the breechblock hydraulic 
control arrangements... The description thereof which fol- 
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lows is deemed necessary to a complete understanding 
of the mode of operation of the breech control system. 
The two units are of similar design as to port connections. 
Each piston and cylinder assembly is provided with a piv- 
oted extractor spade 116 mounted on the cam roller shaft 
117 thereof. The extractor cylinder assemblies as shown 
in greater detail in Fig. 11 are spring-loaded differential- 
plunger type hydraulic units which perform the extrac- 
tion stroke function as a result of initial hydraulic pres- 
sure preloading of both sides of the piston. They operate 
at the desired instant of extraction by controlled opening 
action of the spring chamber to permit fluid in that cham- 
ber to flow to the tank lines. . ` 

The cam slide 118, the block 120, and cam roller shaft 
arrangement 117 at the rear end of the cylinder are con- 
structed and arranged to provide for stroking movement 
thereof. This arcuate movement when mechanically 
translated to the toe of the extractor spade 116 produces 
linear movement from this point at the breech to the end 
of travel thereof. This action functions to extract the 
empty case. It will thus be apparent that the pivotal 
movement of the spade at the roller is changed into a 
linear movement of nonconstant velocity at the toe as a 
result of cam slot action. 

This extracting stroke occurs when the spring chamber 
is opened by the action of valve 64 as hereinbefore de- 
scribed. The middle port and the pipe connection through 
line 90, and the passages which are provided in the block 
function to provide flow to line 147 for hydraulic shift- 
ing of the valve 63. At this position the ports 121, and 
123 are uncovered by plungers 122 near the end of the 
extracting strokes thereof at which position each of the 
plungers covers the spring chamber exhaust line port to 
148 except through the restrictions 124 located in the for- 
ward end cover. This restriction serves to decelerate 
plunger movement. | 

The return stroke movement of the plunger and extrac- 
tors is pressure-actuated when hydraulic power is on. 
Pressure is ported to spring chamber 102 in correlation 
with rising movement of the breechblock to the ramming 
position thereof, this position permits valve 64 to rise. 
The porting of high fluid pressure to this chamber func- 
tions to move the plunger against the constant high pres- 
sure which is maintained in the rod chamber 125 at all 
times. The movement of the plunger by application of 
an equivalent pressure to chamber 102 occurs as a result 
of the differential area construction thereof, whereby total 
pressure for plunger movement is less. At the full for- 
ward position of the plunger, the initial application of 
pressure is through ball check passage 126 in the forward 
end cover. This porting arrangement is required since 
the piston or plunger is at a position to block fluid flow 
to the spring chamber and forward face of the plunger. 
When hydraulic power is off and it is desired to operate 
the extractors by the manual arrangement provided there- 
for, the plunger springs at 102 return the extractor spades 
to the sealed recesses provided in the gun breech. 


. Operation 


Іп the consideration of the operating cycle of the 
breechblock control and actuation system, reference is 
made to Figs. 14 to 17 for an operational showing in 
Which a certain few reference characters appear on only 
one of the figures in view of clarity and due to space limi- 
tations thereon, but wherein like reference characters re- 
fer to like elements throughout these figures. Let it be 
assumed that the breechblock is in an open condition and 
is at a point in the cycle immediately prior to breech clos- 
ing action. In the closing action of the breech assembly 
the breech closing valve operating-cylinder 37, Figs. 2 
and 16, shifts valve 62 in the breech operating valve block 
3 through mechanical linkage 79 when fluid under pres- 
sure is ported to the cylinders through line ፲06. As valve 
62 shifts, it allows fluid entering line 127 on the sliding 
joint 4 to flow across the intermediate port 128 on yalve 
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63, for flow division into two paths, one of which runs 
to the intermediate port 129 on valve- 62, the other of 
which flows out to the intériiediate port 130 of valve 64 
as shown in Fig. 16. From the port of valve 62, fluid 
flows through line 82 to the adjustable flow restriction 35 
аш into the bottom of the breéch operating cylin- 

er 10. 

Fluid flow is also divided above the flow restriction 35 
through the upper end of valve 28 to shift this valve to 
the downward position thereof. 

The fluid pressure which acts against the under surfaces 
of the breech operating piston causes the block to move 
to the upward position thereof. | | 

Fluid which is displaced from the upper end of the cyl- 
inder with upward piston travel flows through the inter- 
mediate.pair of ports at 111 and 131 on valve 28 into 
line 94 thence to the outermost port 132 on valve 63 and 
then through the sliding joint 4 to tank line 38. When 
the breech is advanced under hydraulic action of piston 
tod 5 to a nearly closed position the fluid thereabove 
passes through buffing grooves at 133, Fig. 9, in the piston 
to buff breechblock final movement. When completely 
closed the breech is locked by the breech bolt 134 which 
is moved ከሃ action of spring 135. Valve 62 remains de- 
tented at the closed position thereof in order to maintain 
fluid beneath the piston during gun firing and until the 
breech is again unlocked. 

The firing movement positioning of the breech bolt 134 

and firing pin, not shown, occurs after tlie ammunition 
is rammed, the rammer of the mechanical system. ፲6- 
tracted, the breech closed and following the movement of 
the transfer trays of the gun slide system to the firing po- 
sitions thereof. The firing pin assembly incorporated in 
the breechblock is not an element of the instant hydrau- 
lic system. Attention‘ is directed to thé Girouard et al. 
application supra for a showing thereof. Тһе mention of 
the above gun system heréin is merely for pürposes of 
presenting the operation of the apparatus in a manner 
providing for à better understanding of the gun operation 
cycle. At this stage of operation the firing pin moves the 
breech bolt 134 to close the firing circuit and produce 
gun firing. "hereafter the gun recoils and subsequently 
counterrecoils under controlled hydraulic and air action 
respectively of the recoil cylinder and the counterrecoil 
assembly. These assemblies as hereinbefore stated also 
are not elements of the hydraulic system of the instant 
invention. 
Е Аз the gun moves in recoil and counterrecoil tbe sliding 
joints operate in à telescoping manner to provide oil 
tight connections between the slide hydraulic system and 
the hydraulic unit elements of the gun housing. The ball- 
and-spring type check valve assembly 136 in the sliding 
joint housing 49 serves to prevent overload pressure on 
the system during the recoil and counterrecoil of the gun 
and the value thereof is preset to a safe setting such for 
example as 1500 p. s. i. 

Breech opening action occurs during counterrecoil 
wherein the breech bolt is retracted by a cam actuated 
mechanism of the gun mechanical equipment which is 
located in the gun housing. This retraction of the breech 
bolt actuates the valve operating lever 77 as shown in Fig. 
18, to shift valve 63 to the inner detent position at 85 
thereof as shown in Fig. 12. The movement of valve 63 
in this action simultaneously moves the valve 62 to the 
outer detent position at 69 thereof under action of the 
rocker arm lever connection 78 between the two valves. 
The outer position of valve 62 prevents high pressure 
from passing through the intermediate ports thereof. It 
does, however, open the outer port 138 thereof to relieve 
presstire in the bottom of the breech operating cylinder. 
This porting action through the outer and outer interme- 
diate porting sections 138 and 139 respectively of valve 
62 permits flow through the intermost porting passage 140 
to the inner passage portion 141 of valve 63 and thence 
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14 
to the tank line 38 by way of the sliding joint drain coni- 
nection. ` 

Shifting action of valve 63 causes fluid entering line 127 
cn the sliding joint to be ported through the intermediate 
port 128 on valve 63 into line 94 to the intermediate port 
111 on valve 28, over the check valve 31 thereof onto 
the top of the piston head 12 in the cylinder 1. This 
application of fluid pressure to the top chamber of the 
breech block cylinder causes the breech block to start 
the downward movement thereof. As the breechblock is - 
lowered under this action, fluid on the lower side of the 
piston is returned to the tank through an adjustable re- 
striction 34 and line 82 to the outer intermediate port 139 
of valve 62. From the outer porting position of tbe 
valve spool which connects between the cutermost port 
138 and the outer intermediate port 139 the fluid flows 
through the intermost ports 240 and 141 respectively of 
valves 62 and 63 to the sliding joint 4 and out tank 
line 38. 

Near the end of the lowering stroke of the piston, the 
return flow to the tank is reduced with movement of tlie 
buffer pin 13 to a position in flow restricting relationship 
with the seat therefor. This action functions to close the 
interior passage of the piston buffer pin with seating of 
the pin in the main port at 24 at the bottom of the cylin- 
der. Further fluid displacement with additional piston 
stroking passes the fluid which is under piston pressure 
through the adjustable restriction 33. The downward 
movement of the breech block is thus hydraulically 
checked in a manner as illustrated in Fig. 13. 

The actions of the empty case extractor units which are 
associated with the breech control system are such that 
the case extractor spades 116 produce linear movement of 
the empty case to a position rearwardly thereof after 
firing and following lowering of the breech block to the 
position shown in Fig. 13. In this position the breech 
block 2 makes contact with the extractor valve stem at 
100 of valve 64 and moves the valve spool 141 down- 
wardly. Тһе movement of valve 64 to this downward 
position opens the iulet side 142 for line 148 at the lower- 
most porting portion 143 of this valve to provide for flow 
from the case extractor cylinders to the porting passage 
144 which is in communication through the sliding joint 4 
with the tank line 38. This action vents the forward end 
at 102 of both extractor cylinders. High pressure on the 
opposite end chambers at 125 of each of the extractor 
cylinders acts on the rod ends 91 and 92 of the piston 
thereof to cause the pistons to move forwardly for oper- 
ational action of the two spades 116. This spade action 
extracts the empty case rearwardly and injects it into the 
empty case tray of the gun mechanical system. As the 
pistons approach their positions cf maximum extraction 
stroke, the center ports at 121 of the cylinders are closed 
or covered and the fiuid remaining therein and interiorly 
of the piston spring recess at 102 is displaced through 
the restriction 124 in the end of the cylinder. This pro- 
vides an action which buffs the final piston movement. 
During this portion of the piston stroke, the fluid is ported 
through branch lines at 121 to line 90 and the spring 
loaded check valve 88 in the valve block 3 to provide flow 
to the end chamber 81 of valve 63. This action as shown 
in Fig. 14 shifts valve 63 to the outer position thereof. 
This shifting action vents the upper end at 16 of the 
breech operating cylinder 1. The breech block 2 is then 
raised to the loading position thereof which is, for ex- 
ample, 12" below its closed position. This action takes 
place through the energy stored by the springs 6 and 31 
of the breech operating cylinder piston. During this 
movement flow from the upper side of the piston is re- 
stricted as the result of valve action of valve 28 which has 
shifted upwardly through spring action of 109 to a block- 
ing position for the port 131 thereof, so that all fluids from 
the upper side of the piston must flow past the needle 112 
of the adjustable restriction 32 therepreceding. Flow is 
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through the intermediate port 111 on valve 28 into line 
94, to the outermost ports 128 and 132 on valve 63 into 
the return line 38 of the sliding joint 4. This short up- 
ward movement of the breech block 2 brings the upper 
surface thereof into alignment with the ramming position 
for the transfer trays, and simultaneously therewith allows 
the extractor valve 64 to be returned to normal position 
shown іп Fig. 15. This occurs by spring action of 101 and 
by pressure acting on the differential areas above and 
below the intermediate port 145 of this valve. Return 
of this valve to the normal position thereof restores pres- 
sure to the forward end at 102 of the extractor plunger 
122. 'This causes the extractor pistons to be returned to 
their normal loading position, which occurs due to the 
effect of the differential in the area between the forward 
and rear surfaces of the extractor piston. 

The hereinabove description of the mode of operation 
of the breech hydraulic system is applicable when the 
system is under automatically controlled hydraulic actua- 
tion. Тһе system may, however, be operated manually 
in the event of power shutdown or hydraulic failure. In 
such instances, it is necessary, in order to manually open 
and close the breech by the hand wheel drive therefore, 
Fig. 17, and manually operate the extractor spades by in- 
sertion of a hand lever actuator, that the hydraulic cylin- 
der be unblocked to permit free displacement of fiuid 
therein. Prior to this hydraulic power release action, the 
breech cylinder fluids are released by opening the manu- 
ally operated by-pass valve in the pump control valve 
block as described in greater detail in the copending 
Wertman application S. М. 502,536 supra. As this by-pass 
is open, the fluid displaced by the breech operating cylin- 
der has unrestricted flow through the system connections 
to the tank line. Similar unrestricted flow is provided for 
manual spade actuation whereby the fluid pressure decay 
at the extractor cylinder chambers permits actuation by 
suitable manual lever means upon insertion thereof in a 
linkage socket member of the spade operator, not shown. 

The manual breech system operating devices for un- 
locking and locking the breech and for resetting the breech 
control valves are shown іп Fig. 18. They comprise the 
manual breech bolt release operating lever 149, and the 
manual breech locking and valve resetting hand operating 
lever 160. ፲ከ6 hand lever 149 is spline connected to 8 
spring loaded shaft 183 for operation of a manual breech 
bolt release cam 152. Тһе spring 153 which is interposed 
between pin carried in a hole in the shaft, not shown and 
the mounting bracket 154 functions to return the lever 
to the normal position thereof. The cam 152 actuates the 
outer release bar 255 on the gun housing to in turn 
actuate the inner release bar 156 in the breechblock 134 
for rotation of the release pinion 157. This pinion 157 
engages rack teeth 258 and 159 on the release bar and 
breech bolt respectively to withdraw the bolt 134 when 
lever 149 is actuated. 

The lever 160 is carried by lever bracket 161 on the 
slide and is spline connected to a cam shaft 162 of cam 163 
for movement against the operating lever cam 164 which 
is spline connected to actuate the cam lever 165. This 
lever 165 is clevis connected at 166 to the upper connect- 
ing rod 167 for movement of the pivotally connected lever 
168. The lever 168 is connected to shaft 170 which is 
rotatable in the brackets 169 and 171 which are mounted 
on the breech housing. 

The lower end of shaft 170 functions to move a lower 
lever 172, which is connected by a clevis type connection 
at 173 to the lower connecting rod 174. Тһе lower con- 
necting rod 174 is terminated in a clevis 175 which is 
mounted by a pin 176 to the valve operating lever 77. 

The functioning of the lever system actuated by 168 
is such that when the gun is in battery, the two cams 163 
and 165 are separated by a small clearance, although 
disposed in a manner whereby cam 165 may be actuated 
by cem 164 when lever 160 is actuated in either an up- 
ward or downward direction. Тһе hand lever 160 has 
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limited movement in two directions such that upward 
movement thrusts the breech bolt forward, while down- 
ward movement functions to reset the valves. When те- 
leased, the lever 160 is returned 10 -8. neutral position 
thereof by spring centering plungers not shown. This 
lever does not move when the breech bolt and the valve 
63 move during automatic gun operation. 

Obviously many modifications and variations of the 
present invention are possible in the light of the above 
teachings. It is therefor to be understood that within the 
scope of the appended claims the invention may be prac- 
ticed otherwise than as specifically described. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. In a rapid fire gun and housing assembly provided 
with breechblock ways, a breechblock movable in said 
ways to cover and uncover the breech opening of the gun, 
a breechbolt for locking said breechblock in a closed 
position, a push-pull type breech operating hydraulic 
cylinder having a piston therein connected to the bottom 
of said breechblock, said cylinder being connected to the 
bottom of the housing for providing sliding breech move- 
ment in said ways, valve means responsive to completion 
of gun ramming and completion of empty case ejection 
for controlling push-pull motion of said breech operating 
cylinder respectively for raising and lowering of the piston 
thereof, means including a pilot valve for controlling the 
positioning of said valve means for maintaining closing 
pressure on the breechblock in closed position to minimize 
friction between the breechblock and breechbolt during 
movement of the breechbolt after breech closing and for 
unlocking prior to breechblock opening action, throttling 
means on said piston and cooperative with said breech 
operating cylinder for buffing travel of the piston follow- 
ing breech closing while thereafter maintaining constant 
closing pressure on the breechblock during gun firing. 

2. A breech operating system for a rapid-fire large bore 
gun of a character comprising a breechblock having a 
breech bolt therein, a bi-directional hydraulic breechblock 
operating cylinder, a piston in said operating cylinder, 
hydraulic control means including a plurality of valves 
for initiating actuation and providing control of said 
cylinder, a source of hydraulic pressure, means including 
a valve for automatically maintaining breech closing pres- 
sure on the closed breechblock by said cylinder before, 
during and after gun firing thereby to substantially elimi- 
nate the effect of friction normally encountered at breech 
bolt locking and unlocking respectively after closing action 
and before breech opening action of said cylinder. 

3. A breech control system of claim 2 further charac- 
terized by the inclusion of a system of mechanically in- 
teracting levers on first and second ones of said plurality of 
valves of said control means, a manual lever for initiating 
manual breechblock lowering actuation by positioning 
of said first valve of said control means for breech lower- 
ing by manually actuating said second valve by the inter- 
acting lever therefor without adversely altering the subse- 
quent hydraulic operation of the control means. 

4. A breech control system for the breechblock of a 
major caliber gun for providing lowering and raising 
movement of the breechblock prior to and after gun 
firing, which comprises a gun housing and gun assembly, 
a breechblock mounted for movement in said housing, a 
breechbolt slideably mounted in said breechblock and dis- 
posed for movement into locking engagement with said 
housing at the breech closing position of said breechblock, 
a two-way hydraulic cylinder and piston assembly con- 
nected for movement of said breechblock in opening and 
closing action with respect to the gun breech, a control 
system comprising a plurality of valve means disposed in 
a hydraulic circuit for automatic directional control of 
hydraulic. fluid flow to said hydraulic cylinder and for 
maintaining closing pressure on said breechblock to mini- 
mize friction with the breechbolt during movement thereof 
after breech closing and for unlocking prior to breech- 
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block opening action, a first valve means in said control 
system for providing automatic actuation for breechblock 
lowering by the piston of said cylinder in response to and 
following unlocking of said breechbolt, means responsive 
to gun recoil for unlocking said breechbolt and actuating 
said first valve means, 8 pair of bi-directional hydraulic 
case extractor cylinders, a pair of case extractor spade 
elements connected to respective ones of said extractor 
cylinders, and an extractor valve control means disposed 
in the path of travel of said breechblock for actuation by 
the breechblock only upon completion of the lowering 
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action thereof thereby to initiate hydraulic actuation of 


said extractor cylinders, a second control valve means for 
effecting repositioning of said first valve means after 
completion of extractor cylinder actuation for providing 
flow direction reversal of the control for said two-way 
hydraulic cylinder thereby to provide for subsequent auto- 
matic breech closing. 
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